As part of an examination of the population structure of short-beaked common dolphins (Delphinus delphis) in the North Atlantic, I tested if there were systematic differences in cranial morphology, in relation to geographic location, for common dolphins both within the western North Atlantic (wNA; n ¼ 141) and between the wNA and eastern North Atlantic (eNA; n ¼ 106). Cranial specimens from the wNA were obtained between Nova Scotia, Canada, and Florida. Those from the eNA came from the Irish Sea and the coasts of Ireland and the United Kingdom. A Wilks' k canonical discriminant analysis (CDA) was performed on the within-groups covariance matrix to test whether significant differences in group centroids (multivariate means) existed between putative population units separately for males and females. In addition, the CDA was used to reclassify each dolphin into a geographic group based on the discriminant function. The CDA of 35 cranial variables found no evidence (males: Wilks' k ¼ 0.603, P ¼ 0.286; females: Wilks' k ¼ 0.145, P ¼ 0.08) of population structure below the species level within the wNA. Thus, the 1-population model for this region was supported. CDAs revealed significant differences between the eNA and wNA for both males and females (males: Wilks' k ¼ 0.371, P , 0.0001; females: Wilks' k ¼ 0.260, P , 0.0001). Cross-validated reclassification rates for males were 78.8% (eNA) and 87.6% (wNA) and for females were 90.6% (eNA) and 81.4% (wNA). Measurements associated with the rostrum were important discriminating variables that might reflect differences in feeding habits between these areas.
significant differences between some of the geographic areas suggesting that some significant population-level variation may exist below the species level. Whether similar subspecific structure exists in the wNA is not yet fully understood, although Westgate (2005) , using mitochondrial markers, recently found no evidence of more than a single stock.
Defining units of management has been the subject of considerable debate (Dizon et al. 1992; IWC 2002; Mortiz 1994; Paetkau 1999; Taylor 1997 Taylor , 2005 Waples 1995) . In the United States, management of marine mammals falls under the Marine Mammal Protection Act. The Marine Mammal Protection Act manages on the basis that each population stock be maintained at its optimum sustainable population level so it remains a significant functioning element in the ecosystem (Taylor 1997; Wade 1998 ). The management unit or population stock is defined as a group of marine mammals of the same species or smaller taxa in a common spatial arrangement that breed when mature (Taylor 1997; Wade 1998) . Thus, the Marine Mammal Protection Act mandates the management of marine mammals below the species level but does not provide guidance as to how such management units should be defined. It has been proposed that definitions of stock, where possible, should be based on an integrated approach that examines multiple lines of evidence including both genetics and morphology (Dizon et al. 1992; Taylor 2005) .
Until very recently, short-beaked common dolphins from the wNA were designated under the Marine Mammal Protection Act as a strategic stock. The term strategic stock means a marine mammal stock for which the level of direct humancaused mortality exceeds the potential biological removal level; that, based on the best available scientific information, is declining and is likely to be listed as a threatened species under the Endangered Species Act (ESA) within the foreseeable future; or that is listed as threatened or endangered under the ESA, or is designated as depleted under the Marine Mammal Protection Act (Wade 1998) . This designation was made because high levels of incidental mortality in several fisheries, including the pelagic drift-net fishery, the New England multispecies sink gill-net fishery, the Mid-Atlantic coastal sink gill-net fishery, and the Atlantic squid, mackerel, and butterfish trawl fishery, exceeded acceptable removal limits (Waring et al. 2003) . This level of anthropogenic mortality has been reduced, primarily because some key fisheries have been closed (i.e., pelagic drift-net fishery); however, common dolphins from the wNA still have annual mortalities that approach potential biological removal (Wade 1998; Waring et al. 2003) . Common dolphins from the wNA have always been managed as a single stock (Waring et al. 2003) , although until very recently (see Westgate 2005) this hypothesis had never been formally tested. Because the present management scheme mandated under the Marine Mammal Protection Act (i.e., potential biological removal) is predicated on an understanding of stock structure, it seems appropriate that the hypothesis of a single stock should be comprehensively evaluated.
I examined cranial specimens obtained from the North Atlantic and used multivariate techniques to determine whether significant variation exists in cranial morphometrics both within the putative wNA stock as well as between shortbeaked common dolphins from the eNA and wNA. Throughout this paper I use the term stock to define management units following the convention laid out in the Marine Mammal Protection Act. I will reserve the term population for divisions based on underlying biological evidence. These terms are not synonymous but any satisfactory management scheme relies on there being a close association between them.
MATERIALS AND METHODS
Data collection.-Measurements were obtained from 196 short-beaked common dolphin skulls and mandibles from the wNA housed at the United States National Museum of Natural History, Smithsonian Institution, Washington, D.C., and 121 short-beaked common dolphin skulls and mandibles from the eNA housed at the National Museums of Scotland, Edinburgh. The specimens from the wNA were collected between 1882 and 2004 from the beaches and shelf waters between Florida and Nova Scotia. The specimens from the eNA were collected between 1945 and 2002 from the Irish Sea as well as the beaches of Ireland, Scotland, Wales, and England. In both cases the majority of specimens (86% from wNA and 97% from eNA) were obtained from stranded individuals and individuals accidentally caught by fishermen (hereafter, bycaught) over the past 25 years. A map showing the geographic distribution of the samples is shown in Fig. 1 .
Measurements were made using an electronic 3-dimensional digitizer (Immersion Microscribe 3DLX; Immersion Corp., San Jose, California). This device recorded positions of spatially referenced 3-dimensional coordinates and had an accuracy of 0.3 mm and a resolution of 0.1 mm. From these data, lengths were calculated using simple Euclidean techniques. One hundred twenty-five character sites were recorded from each specimen. Because the digitizer is spatially referenced, each skull or mandible was secured to the tabletop using Play-Doh (Hasbro, Pawtucket, Rhode Island) as each set of coordinates was recorded. Coordinates were taken from each skull in 3 positions: with the nasal bones on top, with the zygomatic processes on top, and with the basioccipital bone on top.
Coordinates from mandibles were taken in 1 position only.
Most cranial morphometric studies of odontocetes follow Perrin (1975) , who outlined 36 standard measurements. Typically, measurements are only taken from 1 side of the skull. I calculated measurements for both left and right sides of most bilateral features, which increased the number of characters to 51. In addition, I recorded 3 new measurements, including the greatest distance across the basioccipital notches (LBBON) and the maximum depths of the right and left rostral grooves of the maxillary (MDRRG and MDLRG, respectively) . Finally, I took 4 meristic measurements from specimens from the wNA, including alveolar counts from both upper and lower mandibles and rostra. Alveolar counts were not performed on the samples from the eNA but mean counts were available from Murphy et al. (2006) . Finally, I assessed the overall skull quality, the degree of fusion of the premaxilla and maxilla, and the overall degree of cranial fusion. A list of these measurements is presented in Appendix I. All measurements were made by AJW.
Typically, physical maturity in delphinids is assessed by examining the degree of fusion between the maxilla and the premaxilla at the distal tip of the rostrum. However, it has been shown that this fusion criterion can give misleading results in common dolphins (Perrin and Heyning 1993) . Therefore, in addition to assessing the rostral fusion status, other indicators of physical maturity were used, including standard length, condylobasal length, the degree of overall cranial fusion, and, where possible, age and reproductive status.
Statistical considerations.-Before analysis, all data were checked for quality. First, data from each measurement series (e.g., condylobasal length) were visually inspected and extreme outliners or obvious transcription errors were corrected or removed. Multivariate analyses are particularly sensitive to missing values (Tabachnick and Fidell 1996) and ignoring this issue can produce misleading results. To overcome this difficulty, specimens that had more than 20% of their measurements missing were removed from the data set. For the remaining missing values (individuals with ,20% missing), estimates were made using 3 methods following the recommendations of Tabachnick and Fidell (1996) . First, if significant regressions could be generated between 2 variables (e.g., CBL and RL), estimates were made using the regression. Second, because both left and right sides were measured for some variables (e.g., length of posttemporal fossa), missing left-side values were replaced by those from the right. This was only done for parameters that exhibited no significant bilateral asymmetry (Westgate 2005) . Third, values that could not be determined using these techniques were estimated using the mean result for that variable. The percentage of missing values in both data sets was low (0.8% for wNA and 4.7% for eNA). All means are reported with their standard deviations. Alpha values were set at 0.05. All statistical analyses were performed using SPSS software package 13.0 (SPSS 2004).
All variables were transformed using log 10 (x). Because of the difficulties associated with creating a data set that is multivariate normal, normality and equality of variance criteria were satisfied using individual univariate tests (Tabachnick and Fidell 1996) .
Analyses.-A Wilks' k canonical discriminant analysis (CDA) was performed on the within-groups covariance matrix to test whether significant differences in group centroids (multivariate means) existed between putative population units. Analyses were done separately for males and females because of the presence of significant sexual dimorphism in both cranial and body morphometrics (Westgate 2005) . In addition, the CDA was used to reclassify each dolphin into a geographic group based on the discriminant function. The adequacy of the reclassification was determined by the percentage of correct classifications that were made assuming that there was equal probability of being classified into 1 of the 2 groups (i.e., wNA or eNA) based on chance alone. Therefore, any reclassification substantially greater than that predicted by chance would indicate that the discriminant functions were adequate for predicting group membership. Each result was cross-validated by classifying each dolphin based on functions derived from all dolphins other than that dolphin (jackknifed or leave-1-out reclassification- Tabachnick and Fidell 1996) . Sample sizes were unequal so prior probabilities were included in the classification (Tolley 1998) . To be consistent with other studies this analysis was performed on a subset of the data that consisted of the 36 left-sided characters (Perrin 1975; Appendix I) .
A preliminary CDA was carried out to test if there was evidence of population structure in the wNA. Because there were no robust a priori criteria (i.e., differences in body size or coloration or a distributional hiatus) on which to stratify the sample from the wNA into putative populations, separations were made using obvious breaks in the sample distribution. Northern and southern regions were divided at 39.08N. Stranded animals were included in this analysis because it was assumed that there would be a greater likelihood that they would strand on the coast closest to their offshore habitat. A 2nd analysis was carried out in which animals were grouped based on the distance from shore at the time of their death. Groups were defined as being near-shore (,130 km) and farshore (.130 km). This cutoff value was selected because it represented the average distance from shore of all the bycaught individuals. To remove potential biases associated with stranded individuals, this analysis was restricted to animals that died at sea. The former test separated the stock geographically but also seasonally as 95% of the animals below 398N were sampled in the winter and about 95% above 398N were from summer. The distance-from-shore test split the sample by location only. A CDA also was run to see if significant differences in cranial morphology existed between common dolphins from the wNA and eNA. Finally, a Wilks' k stepwise CDA was run on the samples from wNA and eNA to determine which variables were most important in defining these groups. In the stepwise CDA, the F to enter criteria was relaxed to 0.15 so important variables were not omitted (Tabachnick and Fidell 1996) .
To assess variability within the genus, mean rostral length versus greatest width across zygomatic processes (RL/GWZP) ratios, standard lengths, condylobasal lengths, and rostral lengths for males and females were compared with published data from other Delphinus populations including California (Heyning and Perrin 1994) , the eNA (Murphy et al. 2006) , Indian Ocean (Jefferson and Van Waerebeek 2002) , and southern Australia (Bell et al. 2002;  Table 1 ). Tooth count data are also shown in Table 1 .
RESULTS
Data from skulls of 55 Delphinus from the wNA and 15 from the eNA were removed from the data set either because they were damaged, had more than 20% missing values, or were considered immature. The resulting data matrix was comprised of 141 individuals (97 males and 44 females) from the wNA and 106 individuals (52 males and 54 females) from the eNA. Of the original 36 character measurements, the projection of the premaxilla (PPR) was removed from the data set because it was considered unreliable because of minor damage to the tips of the premaxillae apparent on many animals. All log 10 (x) variables were distributed normally and Levene's test indicated that there was homogeneity of variances.
There were no significant differences (males:
found between northern and southern regions in the wNA using the CDA. The distance-from-shore CDA could only be carried out using the sample of males because of the small sample size for females. The overall results of this model also were not significant (males:
The wNA was therefore treated as a single population for the remaining analyses.
For the data set on males, 52 and 97 individuals were compared between the eNA and wNA, respectively. The data set on females comprised 53 and 43 individuals from the eNA and wNA, respectively. Initial CDAs revealed significant differences between the eNA and wNA for both males and females (males:
Follow-up stepwise CDAs also were performed on samples from both males and females. For the sample of males, Box's M-test of the equality of the covariance matrices revealed that there was no difference between the samples (M ¼ 91.58, P ¼ 0.074). In a stepwise CDA, variables are selected that minimize the Wilks' k or proportion of total variance not explained by the differences between groups. Of the 35 variables, 11 were selected by the stepwise CDA and from these a single discriminant function was calculated ( Table 2 ). The CDA showed significant differences in the group centroids (Wilks' k ¼ 0.437, d.f. ¼ 11, P , 0.0001) and had a high canonical correlation (0.726) suggesting that males from the eastern and western populations were distinguishable based on cranial morphometrics (Fig. 2) . Of the 11 variables selected by the stepwise method, 5 were related to width (WR14, WR12, WPR12, WR34, and LBBON), 5 to length (LOL, LOSOC, LLPTFOS, LLTFOS, and LLMFOS), and 1 could not be easily described by a skull dimension (HLMAN). These results suggest that both length and width differences were important in the discriminating functions. The cross-validated reclassification rates were 78.8% and 87.6% for males from the eNA and wNA, respectively (Table 3) .
For the sample of females, Box's M-test of the equality of the covariance matrices revealed that there was no difference between the samples (M ¼ 106.25, P ¼ 0.139). Of the 35 variables, 12 were selected in the stepwise CDA and from these a single discriminant function was calculated ( Table 2 ). The CDA showed significant differences in the group centroids (Wilks' k ¼ 0.384, d.f. ¼ 12, P , 0.0001) and had a high canonical correlation (0.785), suggesting that females from the eastern and western populations were distinguishable based on cranial morphometrics (Fig. 3) . Of the 12 variables selected by the stepwise method, 4 were related to length (CBL, LLMFOS, LLTFOS, and LLLAC), 6 to width (WR12, WPR12, WR34, GWZP, GWPRE, and GENO), and 2 could not be easily classified with a skull dimension (HLTFOS and LN). Width variables, as well as overall skull length, were again important. The cross-validated reclassification rates were 90.6% and 81.4% for females from the eNA and wNA, respectively (Table 3) .
The RL/GWZP ratios were calculated from 97 and 40 mature males and females from the wNA, and 56 and 54 mature males and females from the eNA, respectively. Males from the wNA had mean values of 1.42 6 0.05 SD (range 1.31-1.53) and females had mean values of 1.44 6 0.05 (range 1.34-1.54). The overall mean was 1.43 6 0.05 (Table 1) . The eNA males had mean values of 1.43 6 0.06 (range 1.31-1.54) and females had mean values of 1.43 6 0.06 (range 1.31-1.57). The overall mean was 1.43 6 0.06. Generally ratios were similar to those documented from other populations of D. delphis outside of California, although there was a high degree of variability. Average alveolar counts and ranges for left side of rostrum and mandibles are shown in Table 1 in conjunction with comparative data from other studies.
DISCUSSION
Common dolphins from the North Atlantic examined in this study were classified based on RL/GWZP ratios, tooth counts, and condylobasal and rostral lengths as D. delphis. Although there was a high degree of morphological variability present, there was no evidence to support the existence of more than a single species. This also is supported by previous evidence from other workers (Amaha 1994; Heyning and Perrin 1994; Murphy et al. 2006; Perrin et al. 1994) as well as the results of recent genetic analyses (Westgate 2005 ).
Geographical differences.-There were significant differences in the cranial morphology documented between male and female common dolphins (see below) so these were treated separately in all geographic analyses. There were no significant geographic differences found in cranial morphology in either sex within the wNA on both latitudinal and longitudinal scales (however, see caveat below). Although there was variability present in the sample, this variation was not systematically related to geographic location. The population is believed to undergo a seasonal shift in range (more northerly in summer, more southerly in winter-D. Palka, National Marine Fisheries Service, pers. comm.) so the animals sampled in the northern summertime range likely comprise the same stock as those sampled from the southern wintertime range. Because there was not an a priori criterion for separation of samples, the sample was separated at 398N as well as at 130 km from shore (geographic midpoints in the sample distribution). As a result it is possible that population structure is present that this separation scheme was not able to detect. It has been argued (Dizon et al. 1997 ) that in a risk-averse management policy the alpha might be adjusted to 0.1 to reduce the risk of making a type II error. If, in the present study, an alpha of 0.1 is accepted, then this suggests that female common dolphins from the wNA are more philopatric than their male counterparts. Cross-validated reclassification rates for the sample of females from the wNA were very low (33.3% for south and 45.5% for north), which shows that even if they are statistically different these groups are morphologically very similar.
These results are in general agreement with the results of analyses of mitochondrial DNA control region sequences (Westgate 2005) , which documented a high degree of haplotypic diversity but no definitive geographically based population structure. In a recent analysis of the cranial morphology of common dolphins from the eNA including specimens from Ireland, England, Scotland, Holland, Portugal, and Spain, Murphy et al. (2006) were unable to show distinct differences between many of the putative stocks. Dolphins from England, Scotland, Holland, and Spain all grouped very closely and only the Irish (males) and Portuguese (males and females) common dolphins showed any distinction from the other groups. Unfortunately their analysis was limited by a restricted sample size from some regions. Their results do support the results presented here by showing that geographically linked stocks show little or no differences in cranial morphology.
The results of both Murphy et al. (2006) and my study suggest that although highly variable, morphology of common dolphin skulls is constrained by the functional elements of the skull. Perrin (1975) proposed 5 functional elements in odontocete skulls including the braincase, the feeding-sound reception apparatus, the hearing apparatus, the vision apparatus, and the breathing and sound-producing apparatus. He defined each apparatus by the cranial characters that it was composed of, acknowledging that some characters related to more than 1 apparatus (i.e., the posttemporal fossa relates to feeding because it is the origin of the temporal muscle but also comprises part of the side of the braincase). Thus, changes in 1 component of a functional element may require corresponding changes in other parts of other functional elements. Because of the complex interdependence between function and anatomy, changes in cranial anatomy are likely to occur only if differential selective pressures and reproductive isolation are strongly in place. In a species such as the common dolphin that is capable of relatively rapid long-distance travel (Evans 1994) , it is difficult to imagine these criteria being met, especially in closely associated geographic areas. Significant differences were found in the cranial morphometrics of common dolphins from the eastern and western sides of the North Atlantic. The results of the CDA showed that it was possible to reclassify both male and female dolphins with a high degree of confidence (Table 3) . Males were correctly reclassified using cross-validation with a higher frequency in the wNA (88%) compared to the eNA (79%) but for females the opposite was true (91% in wNA compared to 81% in eNA). These differences and the fact that the reclassification rates were not 100% reflect the high degree of variation in most characters, resulting in some level of overlap between the populations (Figs. 2 and 3 ). This suggests that the differences between the 2 populations, although significant, are quite subtle. Amaha (1994) reported that populations from the eNA and wNA completely overlapped in cranial measurements. The significant differences reported in the present study are likely the result of the larger sample sizes, which increases the power of the test.
Rostral width dimensions were selected as important variables in the stepwise CDA for both male and female common dolphins. For example, the standardized canonical discriminant function coefficient for width of the rostrum at three-fourths length (WR34) had high absolute values for both males and females, indicating its importance in discriminating the populations. In both sexes, WR34 was significantly greater in the eNA although overall skull and rostral length were similar. Perrin (1975) suggested that the rostral elements of the skull are likely to be more quickly influenced by selective pressures because of their nearly exclusive association with feeding. Changes in feeding ecology could be reflected in changes in the rostal apparatus more quickly than in other elements of the skull. Perrin (1975) presented data from pantropical spotted dolphins (Stenella attenuata) and found that significant differences existed between coastal and offshore forms in the eastern tropical Pacific, primarily in those morphometrics associated with rostral dimensions. He hypothesized that a more robust feeding apparatus would be advantageous to an individual feeding in coastal waters on demersal prey that tend to be larger and more irregularly and heavily constructed than pelagic prey species. On the other hand a smaller, more finely constructed feeding apparatus would be favored in the pelagic habitat, where diet items are small, relatively defenseless, and fast moving. Dietary data from common dolphins from the North Atlantic support the differences documented in rostral robustness. In the wNA, 99% of the diet of bycaught common dolphins is composed of small mesopelagic prey, primarily in the form of myctophids (J. Craddock, Woods Hole Oceanographic Institution, pers. comm.). Myctophids are small (60-mm), densely schooling, vertically migrating mesopelagic fish (Backus et al. 1968 ) that do not require a predator to have a robust rostral feeding apparatus. Myctophids also are important to the diet of common dolphins from the Celtic Sea (Brophy 2003) , but most of the skull samples (95 of 116) from the eNA were collected around the United Kingdom (Fig. 1) , where the diet of common dolphins is composed of larger species such as whiting (Merlangius merlangus), mackerel (Scomber scomberus), and lesser flying squid (Todaropsis eblanae -Pascoe 1986; Santos 1998) . When significant differences are documented it is important to place them into a biological context. For example, would the 4-mm difference in rostral thickness change the function of the overall rostral-jaw complex of a wild dolphin? Without a rigorous study of the comparative functional morphology of the jaw and rostrum and the relationship between the soft and hard anatomy, it is difficult to say. Perrin (1975) documented differences at WR34 in spotted dolphins that were on the order of 6 mm. Rostral dimensions also were the most obvious character that separated D. delphis from D. capensis (Heyning and Perrin 1994) . It would seem, therefore, that this part of the Delphinus skull complex is relatively plastic so it is not surprising that this element was found to be significantly different between these 2 populations.
It is difficult to say with certainty if differences in feeding ecology are responsible for the differences found in the rostral width morphometrics because a more heavily built rostrum would also be favored if there was some degree of intraspecific aggression, such as during mating. Recent studies have shown that common dolphins from the North Atlantic engage in sperm competition (Murphy et al. 2005; Westgate and Read 2007) but the degree of male-male interaction that may occur during mating is still not clear.
Taxonomic status. -Banks and Brownell (1969) 1st documented differences in the RL/GWZP ratio in the 2 forms of common dolphins found in the eastern North Pacific. This was followed by a more rigorous study by Heyning and Perrin (1994) , who reported specific ranges for the RL/GWZP ratio for southern Californian D. delphis (1.23-1.47) and D. capensis (1.52-1.77). Because it provided the benchmark data set on the genus, the study of Heyning and Perrin (1994) is often cited as supporting evidence for species identification in studies that have examined cranial morphology in common dolphins (Amaha 1994; Bell et al. 2002; Murphy et al. 2006 ; present study). In some cases, an overlap with the species ranges reported by Heyning and Perrin (1994) has led to the suggestion of potential intermediate forms between D. delphis and D. capensis (Murphy et al. 2006) . Recent genetic analyses clearly showed that populations of common dolphins from both wNA and eNA belong to D. delphis (Westgate 2005) . If we accept these genetic results, we also need to reconsider the RL/GWZP ratios defined by Heyning and Perrin (1994) , in terms of their utility for species discrimination, because these ratios do not appear to cover the ranges of D. delphis outside California. At the present time, an appropriate RL/GWZP ratio for D. delphis from the North Atlantic would be 1.31-1.54 for males and 1.31-1.57 for females. Given the high potential for character displacement in sympatric species (Losos 2000) , it is not surprising that short-beaked common dolphins from southern California are smaller than other short-beaked common dolphin populations that live in allopatry, a fact that Heyning and Perrin (1994) acknowledged in their original work. When the mean RL/GWZP ratios from the North Atlantic are viewed in the context of other studies of common dolphins, a tremendous amount of variability can be seen (Fig.  4) as well as no clear demarcation between the short-and longbeaked forms. In certain regions (such as southern California) this ratio clearly separates the 2 species but interspecific comparisons between other regions are less certain (e.g., southern Australia versus Peru). This illustrates that, on a global scale, common dolphins show a tremendous amount of morphological variability, especially in elements associated with the rostrum. Future endeavors to define species of common dolphin using cranial morphometrics should attempt to take this variation into account.
Cranial morphometrics have been used to define taxonomic differences in a wide variety of odontocetes (e.g., Börjesson and Berggren 1997; Heyning and Perrin 1994; Wang et al. 2000; Yurick and Gaskin 1987) . When no differences exist, the conclusions are usually straightforward, but there is much debate as to what level of difference defines distinct population segments, subspecies, and species (Taylor 2005) . There are no hard rules, but usually nonoverlapping differences in 1 or more characters support separation at the species level and overlapping modal differences support separation at the subspecies level. For example, Wang et al. (2000) described osteological differences in 2 sympatric forms of bottlenose dolphins (Tursiops) from Chinese waters. In their analyses, there was a clear distinction between the 2 forms and most characters shared nonoverlapping distributions. Wang et al. (2000) concluded that the genus Tursiops is not monotypic but is made up of 2 distinct sympatric species, T. truncatus and T. aduncus. In the definitive analysis of the genus Delphinus, Heyning and Perrin (1994) showed that the 2 putative forms, D. delphis and D. capensis, were completely separable on the basis of coloration, total length, and all measures of the rostrum as well as several other modal differences. They concluded that D. delphis and D. capensis were valid species. Finally, in a reexamination of the specific status of Delphinus tropicalis and D. capensis, Jefferson and Van Waerebeek (2002) concluded that specific status was not justified because the differences between D. tropicalis and D. capenesis were largely ones of degree and not kind. Most characters overlapped and natural hybrid forms had been documented in the range overlaps between the 2 putative forms. It is clear that eastern and western forms of D. delphis are not different species because there was not a single character that showed a nonoverlapping distribution and there was no indication of irreversible divergence (Reeves et al. 2004) .
Common dolphins from the eNA and wNA have unique ranges, display some modal differences in cranial characters, and have natural histories that are similar but not identical (see food habitats discussion above -Murphy 2004; Westgate 2005; Westgate and Read 2007) . Recent analyses of mitochondrial DNA markers suggest that there is little gene flow between western and eastern populations (Westgate 2005) . Taken together, these results support subspecific designation of the western and eastern populations because they appear to be on independent evolutionary trajectories (Reeves et al. 2004) . Before a definitive assessment can be made, however, additional information on noncranial characters and other genetic markers will need to be examined.
Management implications.-This study provides new information that is relevant to the conservation of D. delphis in the North Atlantic. First, examination of the cranial data supports the present designation of a single-stock model in the wNA. When these data are viewed together with the distributional and genetic information, a sound phylogeographic model (Dizon et al. 1992 ) can be supported. Despite the fact that short-beaked common dolphins from the wNA are no longer considered strategic, this stock confirmation is still important because future fisheries may significantly impact the stock. Further, the evidence that significant differences in cranial morphology exist between eastern and western populations means that there is structure in the North Atlantic below the species level. It would seem appropriate to deem these separate management units given the supportive evidence of geographic and genetic isolation. In the near future it is unlikely that an ocean-wide management model will be needed, FIG. 4 .-Mean ratio between zygomatic width and rostral length plotted against condylobasal length for short-and long-beaked common dolphins (Delphinus). Dashed lines are plotted around each species group. Each data point represents the means for that population. Data are from the present study and those of Amaha (1994) , Bell et al. (2002) , Heyning and Perrin (1994) , and Jefferson and Van Waerebeek (2002). but as fisheries resources become more scarce and habitat becomes more degraded this could change.
Future studies should attempt to document in more detail the feeding ecology of common dolphins in the North Atlantic. The rostrum is one region of the skull that has been shown to be relatively plastic in the genus Delphinus. If, as argued, there is a close association between feeding behavior and rostral dimensions, a better understanding of food habits may provide a sounder basis on which to a priori classify animals as well as provide a better context in which to interpret results. Finally, it would be revealing to integrate the results of as many population studies (molecular and morphometric) of Delphinus as possible to define the global taxonomy of this highly variable, upper-trophic predator.
